Eighteen components were isolated from the methanolic extract of leaves of Rhododendron formosanum Hemsl. (Ericaceae), an endemic species in Taiwan, and evaluated for their allelopathic properties. Of the isolated compounds, 3β-friedelinol, 5,6β-epoxy-5β-stigmastan-3β-ol, 5,6α-epoxy-5α-stigmastan-3β-ol, lupeol and ursolic acid revealed inhibitory effects at 10 -4 M or above, whereas α-tocopherol, friedelin and β-amyrin acetate exhibited stimulatory effects on the radicle growth of the test plants at the same concentration or above. However, squalene and α-amyrin showed either a stimulatory or inhibitory effect. The remaining four components, coumarin, β-sitosterol, adian-5-en-3β-ol and 3β-acetoxyurs-12-en-28-al, were not significantly effective in the present bioassay, but have been reported as allelopathic agents elsewhere.
Rhododendron formosanum Hemsl. (Ericaceae), is an endemic species distributed widely in the central mountains of Taiwan at elevations from 1500 m to 2500 m. The vegetation exhibits a unique pattern of lacking understory species and forms pure dominant vegetation. Rhododendron plants have been reported as possessing a variety of constituents [1] [2] [3] [4] [5] . Recently, the allelopathic potential of R. formosanum was evaluated by experiments conducted in the field, greenhouse, and laboratory, and significant allelopathic findings were found (Chou et al., unpublished) . The allelopathic constituents of R. formosanum are present in both the hydrophilic and hydrophobic fractions of the extract. A substantial amount of the hydrophobic metabolites with allelopathic activity were thought to be present in the plant leaves, aqueous extracts of which revealed significant allelopathic activity against seed germination and radicle growth of both Lactuca sativa and Bidens pilosa as compared with the distilled water control (Figure 1 ). In addition, metabolites isolated from the methanolic extract exhibited both stimulatory and inhibitory effects on the radicle growth of Brassica chinensis (Table 1, Figure 1 ). By means of paper chromatographic bioassay [1] , the ethyl acetate layer revealed significant suppression of radicle growth, ranging from 10% to 45% inhibition ( Figure 2A ). The segments at Rf 0.27 and Rf 0.90 exhibited the most significant inhibition. In the n-butanol layer, inhibition was not prominent in the Rf 0.67 and 0.78 areas, but was pronounced at Rf 0.85 ( Figure 2B ). Moreover, significant inhibition was found in the water layer only at Rf 0.83 ( Figure 2C ).
Eighteen known compounds were isolated from the six fractions obtained by column chromatography from the methanolic extract of R. formosanum leaves [5] . Fraction 1 gave β-amyrin acetate (1) (10 mg) [6] , squalene (2) (15 mg) [7] and glut-5-en-3β-yl acetate (3) (14 mg) [8] . Fraction 2, using n-hexane-dichloromethane (75:25) as eluent, gave α-tocopherol (4) (10 mg), friedelin (5) (25 mg), and methyl ferulate (6) (4 mg). Fraction 3, with n-hexaneacetone (80:20) as eluent, gave 3β-friedelinol (7) (15 mg) [9] and 3β-acetoxy-28-hydroxyurs-12-ene (8) (8 mg) [10] . Fraction 4, after repetitive column chromatography over silica gel 60 and normal-phase HPLC, gave 3β-acetoxyurs-12-en-28-al (9) (12 mg), β-sitosterol (10) (25 mg), ursolic acid (11) (40 mg), coumarin (12) (8 mg) [11] , betulin 3-acetate (13) (10 mg) [12] , 5,6α-epoxy-5α-stigmastan-3β-ol (14) (6 mg) and 5,6β-epoxy-5β-stigmastan-3β-ol (15) (10 mg). Fraction 5 gave α-amyrin (16) (10 mg) and adian-5-en-3β-ol (17) (20 mg) [13] on column chromatography and HPLC using gradient elution with n-hexane-ethyl acetate. Fraction 6 gave lupeol (18) (4 mg) using n-hexane-acetone (60:30) as eluent.
The aforementioned compounds were bioassayed to evaluate the allelopathic activity using chromatographic bioassay [1] . Compounds 7, 11, 14, 15, and 18 exhibited significant inhibitions at 10 -4 M; compounds 1, 4, and 5 showed stimulatory effects at 10 -4 M; compounds 2, and 16 revealed either an inhibitory or stimulatory effect. The remaining compounds, 9, 10, 12, and 17, produced insignificant effects at the concentrations tested, but have been reported as plant growth regulators elsewhere ( Table 1) . Preparation of aqueous extract: Concentrations of 0.5%, 1%, 2%, 3%, and 4% (4 g sample plus 96 mL distilled water) of aqueous extracts of R. formosanum leaves were prepared [14] . These extracts were employed for bioassay for allelopathic activity and further chemical identification of phytotoxins by using techniques described by Chou [1] .
Bioassays:
Two bioassay techniques were employed in this study, the standard sponge bioassay (SSB) and a chromatographic bioassay (CB) [1] . 
Extraction
and isolation of hydrophobic compounds: Five kg of air-dried leaves of R. formosanum were extracted with 100 L of methanol at room temperature for 3 weeks. The extract was evaporated in vacuo and the residue was suspended in 1 L of water and partitioned with ethyl acetate and n-butanol.
The ethyl acetate layer was chromatographed on silica gel 60 (Merck 70~230, 63~200 mesh, ASTM) using a step gradient of ethyl acetate in n-hexane. Further purification was accomplished by silica gel 60, TLC, preparative TLC and HPLC [Thermo Quest 250 x 4.6 5 μ HS Silica, Betasil silica-60 250 x 21.2 5 μ Thermo Electron]. For each separation, 6 fractions were obtained and 18 compounds were isolated. Each compound was then bioassayed.
Identification of compounds isolated:
All the purified compounds, except phenolics, were subjected to spectroscopic identification using 1 H NMR, 13 C NMR (Varian Unity Inova 500 and Varian Mercury Plus 400 MHz spectrometer) and MS (Bruker Daltonics APE). The identity of each compound was confirmed by reciprocal comparison of spectra with an authentic standard.
Chromatographic bioassay of water, n-butanol and ethyl acetate layer of methanolic extract:
To determine whether growth inhibitors were hydrophilic or hydrophobic, the leaves were extracted with methanol. The methanolic extract was further partitioned into ethyl acetate, n-butanol and water fractions. Each fraction was evaporated to dryness and redissolved in methanol. From each fraction, a 50 μL aliquot was spotted onto a strip of chromatographic paper and developed with 2% acetic acid using the method described by Chou [1] . The paper strip without a spotted sample served as a control.
Statistical analysis of data:
Student's t-test was used to analyze the data for each compound and the control. Significant allelopathic activities were indicated at the 5% level. In addition, to compare the bioassay activities between different concentrations of the isolated compounds, Duncan's multiple range test [15] and SAS for Windows V 6.1.2 were used. The same letter within each row (Table 1) indicate that there was no significant difference at the 5% level according to Duncan's multiple range test.
